Introduction {#s1}
============

It is estimated that around 65.3 million individuals---the vast majority from non-Western, low-income countries---are currently displaced by violent conflict and humanitarian disasters, including 21.3 million refugees and 40.8 million internally displaced individuals (United Nations High Commissioner for Refugees, [@B81]). It has been well-established that due to exposure to multiple chronic stressors, this population has high levels of mental illness (Fazel et al., [@B24]). One of the more widely prevalent and widely studied mental illnesses in this population is depression (Steel et al., [@B77]), which is a significant contributor to the global burden of disease (Whiteford et al., [@B90]). Governments, as well as international and local agencies servicing survivors of conflict and disaster, often have limited resources for mental health services (Saxena et al., [@B73]) and thus, it is important that cross-culturally valid instruments measuring depression and other mental illnesses exist so that survivors who have clinically significant depression and other mental illness can be identified.

With regards to the assessment of depression, the Beck Depression Inventory (Beck and Steer, [@B9]) is one of most commonly used self-report instruments for assessing the severity of depression worldwide (Richter et al., [@B69]; Shafer, [@B75]). The ease with which the BDI can be administered makes it an attractive measure to efficiently and economically determine levels of depressive symptomology in populations of interest. Despite the development of the revised BDI-II 20 years ago (BDI-II; Beck et al., [@B11]), the original BDI is still widely used in clinical and research settings in both North America (Foa et al., [@B26]; Gillespie et al., [@B28]; Veerman et al., [@B85]; Delisle et al., [@B19]; Jayawickreme et al., [@B35]; Udo et al., [@B80]) and Europe (e.g., Suija et al., [@B79]; Lahlou-Laforet et al., [@B48]; Wardenaar et al., [@B87]). Strikingly, the BDI continues to be widely used to assess for depression in refugees and internally displaced and war-impacted populations (Mghir and Raskin, [@B57]; Bhui et al., [@B13]; Ghazinour et al., [@B27]; Yurtbay et al., [@B92]; Basishvili et al., [@B7]; Luitel et al., [@B52]; Kuittinen et al., [@B47]).

However, despite the wide use of the BDI and other measures developed for Western clinical populations in non-Western, post-disaster settings, there is a dearth of studies examining the cross-cultural validity of these measures (Van Ommeren, [@B83]; Bass et al., [@B8]). In a review of 183 research studies focusing on refugee populations, Hollifield et al. ([@B31]) found that half of the studies did not provide any evidence of validity and reliability for the instruments used. Given that there is now considerable evidence for cross-cultural differences in both the experience and presentation of depression (e.g., Paniagua, [@B63]; Karasz, [@B40]; Ryder et al., [@B72]), it cannot be assumed that just because an instrument is valid and reliable in one context, it will be so in other contexts. Furthermore, one cannot assume that scores on a particular instrument are meaningful in the same way across cultural settings. This point is especially relevant to those providing services to displaced and war-affected populations, who often rely on instrument clinical cutoff scores to identify those who are mentally ill. For example, BDI cutoff scores have been used to determine depression severity in war-affected Lebanese individuals (Farhood and Dimassi, [@B23]), war-affected Iraqis (Magruder et al., [@B54]), and Somali refugees (Mölsä et al., [@B60]). Furthermore, researchers and policy makers use these cutoff scores to compare the relative rates of mental illness across different countries (e.g., Van Hemert et al., [@B82]).

Before comparisons of scores between different cultural groups can be made, one must first ensure that the instrument in question meets *measurement equivalence* (also referred to as *measurement invariance* in the literature); in other words, the instrument must measure the same construct in the same manner across different cultural contexts (Chen, [@B17]; Millsap, [@B58]). Measurement equivalence is established by meeting four increasing restrictive criteria: (1) functional equivalence; (2) structural equivalence; (3) metric equivalence; and (4) scalar (or full score) equivalence (Fischer and Fontaine, [@B25]; Millsap, [@B58])[^1^](#fn0001){ref-type="fn"}. *Functional equivalence* is established when the same construct (e.g., depression) can be observed across different groups. Functional equivalence is typically established through a combination of ethnographic research, case studies, and epidemiological surveys (Lopez and Guarnaccia, [@B50]). There is now a large body of research indicating that depression is indeed seen globally (Kessler and Bromet, [@B42]) and there is some evidence (e.g., Jayawickreme N. et al., [@B36]; Haroz et al., [@B30]) that measures of depression developed in the Western world at least partially captures the experience of depression in low and middle-income countries in the global south.

*Structural equivalence* is established when the factor structure of the measure is the same across different groups. With regards to the BDI, Beck and Steer ([@B10]) note that the measure can be divided into two factors, a subscale of cognitive and affective symptoms consisting of the first 13 items, and a subscale of somatic and performance-affecting symptoms consisting of the last eight items (see Table [1](#T1){ref-type="table"}). This factor structure has received considerable factor analytic support (Steer et al., [@B78]; Beck and Steer, [@B10]). Another factor structure, comprising of three factors, Negative Attitudes toward the Self, Performance Impairment, and Somatic Disturbances, has also been identified in numerous samples (Beck et al., [@B12]; see Table [1](#T1){ref-type="table"}). A meta-analysis of factor-analyses for the BDI (total number of individuals = 13,643, total number of studies = 33) found that this three-factor solution provided the best fit (Shafer, [@B75]). It should be noted, however, that these factor solutions have been tested predominantly in European-American, middle class samples in the United States (Shafer, [@B75]).

###### 

Item mapping for confirmatory factor analysis---the Beck Depression Inventory (Beck and Steer, [@B9]).

  **Item**                           **2-Factor model (Beck and Steer, [@B10])**   **3-Factor model (Beck et al., [@B12]; Shafer, [@B75])**
  ---------------------------------- --------------------------------------------- ----------------------------------------------------------
  1\. Sadness                        C-A                                           NS
  2\. Pessimism                      C-A                                           NS
  3\. Past failure                   C-A                                           NS
  4\. Loss of pleasure               C-A                                           NS
  5\. Feelings of guilt              C-A                                           NS
  6\. Feelings of being punished     C-A                                           NS
  7\. Self-dislike                   C-A                                           NS
  8\. Self-criticalness              C-A                                           NS
  9\. Suicidal thoughts/wishes       C-A                                           NS
  10\. Crying                        C-A                                           NS
  11\. Irritability                  C-A                                           PI
  12\. Loss of Interest              C-A                                           PI
  13\. Indecisiveness                C-A                                           PI
  14\. Lack of attractiveness        P-S                                           NS
  15\. Loss of energy                P-S                                           PI
  16\. Changes in sleeping pattern   P-S                                           SS
  17\. Tiredness or fatigue          P-S                                           PI
  18\. Changes in appetite           P-S                                           SS
  19\. Weight loss                   P-S                                           SS
  20\. Health concerns               P-S                                           PI
  21\. Loss of interest in sex       P-S                                           PI

*C-A, Cognitive-affective factor; P-S, Performance-somatic factor; NS, Negative attitudes about the self; PI, Performance impairment; SS, Somatic symptoms*.

The heterogeneity of factor models for depression measures, including the BDI, has led some to argue that bifactor factor models better account for the nature of depression (Ward, [@B86]; Brouwer et al., [@B14]). Bifactor models have a single general factor that consists of all items in the measure, and subfactors consisting of a subset of items that reflect a narrower construct. As such, these models identify a general factor and any subfactors that account for variance over and above the general factor (Dere et al., [@B22]). de Miranda Azevedo et al. ([@B21]) tested a bifactor model for the BDI using data from 13,100 patients with myocardial infarction from five countries. The best fit was found for a model that had a general factor that included all 21 items in the measure, and two subfactors, a somatic/affective subfactor and a cognitive/affective subfactor.

The third level of measurement equivalence is *metric equivalence*. A measure has metric equivalence when individual items load onto factors with the same strength across different populations. This type of variance allows one to make indirect comparisons between these populations, for example, whether predictive relationships found in one population can be found in the other or if changes in symptoms across time are similar across populations. However, in order to directly compare total scores across multiple populations, the fourth and last level of measurement equivalence---*scalar equivalence*---has to be met. If a measure has scalar equivalence, then the same score on the measure refers to the same position on the underlying latent variable across populations. Scalar equivalence is usually determined by examining whether individual items have the same point of origin, or intercept in the groups being compared. Failing to establish metric and scalar equivalence for a particular measure can result in both the identification of false group differences and the inability to detect true group differences (Chen, [@B17]).

Two studies have looked at the measurement equivalence of the BDI across different countries. Azocar et al. ([@B5]) examined measurement equivalence in the BDI in medical patients who were either Spanish-speaking Latinos or English-speaking U.S. nationals using differential item functioning (DIF) analysis; they found that Latinos were more likely to endorse crying and punishment and less likely to endorse inability to work compared to English-speaking U.S. nationals with the same total BDI score, indicating a lack of measurement equivalence. Nuevo et al. ([@B62]) examined the measurement equivalence of the BDI across five European countries---UK, Ireland, Spain, Norway, and Finland---and found that while the measure met criteria for structural equivalence, only *eight* of the 21 items displayed no DIF, thus indicating a lack of measurement equivalence.

The current study {#s2}
=================

No studies have yet examined measurement equivalence of the BDI in non-western, displaced populations, despite its wide use in those contexts. The current study focuses on females from such a population; female refugees and survivors of war have been found to have higher rates of depression (Ai, [@B1]; Seglem et al., [@B74]) and more severely impaired global functioning (Song et al., [@B76]) compared to men. Specifically, we investigate whether the BDI has measurement equivalence in internally displaced female survivors of the Sri Lankan civil war, which lasted from 1983 to 2009 (Jayawickreme et al., [@B34]). It is estimated that there are currently almost 45,000 internally displaced individuals in Sri Lanka (United Nations High Commissioner for Refugees, [@B81]). Similar to other displaced populations, Sri Lankan war survivors have endured multiple traumas and have high rates of mental illness, including depression (Jayawickreme N. et al., [@B36]). A survey of 1,517 households in the Jaffna district in Sri Lanka---an area that was most severely impacted by the civil war---found that 22% of individuals had a diagnosis of depression, with displaced individuals more likely to report symptoms of depression compared to long-term residents (Husain et al., [@B32]).

Identifying an equivalent Western sample that one can compare a non-Western war-affected population is challenging, given that experiences that non-Western war survivors undergo---multiple traumas, destruction of community, lack of security---are uncommon in the Western world. In order to have a degree of equivalence of life experience between the two groups, we used a sample of U.S. females from a major city---Philadelphia, PA---with a history of trauma. While the trauma suffered in a war context is more chronic compared to those suffered in Western settings, Western urban contexts are nevertheless associated with high levels of trauma exposure (e.g., Gillespie et al., [@B28]; Khoury et al., [@B43]; Brown and Mellman, [@B15]; Whitbeck et al., [@B89]). Indeed many other risk factors for PTSD besides trauma exposure are concentrated in Western urban contexts, such as risk of future victimization, fewer resources, poor coping skills, and multiple daily stressors (Kelly et al., [@B41]).

In the current study, we examined the three types of measurement equivalence that can be established through statistical analyses of responses on a measure---structural, metric, and scalar equivalence. We aimed to first identify an optimal factor structure for the BDI in war-affected Sri Lankan females and U.S. females with a history of trauma. To do this, we tested a series of potential baseline factor models. Following this, we examined the measurement equivalence of the BDI in these two culturally distinct groups.

Methods {#s3}
=======

Participants
------------

The US sample consisted of 268 female survivors of sexual or non-sexual abuse who were recruited by the University of Pennsylvania\'s Center for the Treatment and Study of Anxiety through newspaper advertisements and police and hospital referrals as part of a prospective assessment study. Participants were assessed at \<4 weeks after the assault. Exclusion criteria for this study included a previous diagnosis or current presence of organic mental disorder, schizophrenia, or paranoid disorder as defined by the DSM-III-R (American Psychiatric Association, [@B2]), or if they were illiterate in English. Furthermore, participants who were involved in an ongoing intimate relationship with their perpetrator were excluded.

The Sri Lanka sample consisted of 149 female Tamil survivors of that country\'s civil war who received psychosocial assistance from the Family Rehabilitation Center (FRC), a nongovernmental organization based in Sri Lanka. Data were collected from FRC clinics in Jaffna, Batticaloa, Trincomalee, Vavuniya, and Nallur, all urban centers that were greatly impacted by the civil war. Participation in the study was voluntary and participants were paid 100 Sri Lanka rupees (i.e., enough to purchase lunch or dinner, \~75 U.S. Cents).

All procedures were approved by the Institutional Review Board at the University of Pennsylvania, Philadelphia, PA, United States, and by the Ethics Committee at the University of Peradeniya, Sri Lanka.

Measures
--------

The following measure was administered to participants in both samples as part of a larger battery:

*The Beck Depresson Inventory* (BDI; Beck and Steer, [@B9]) is a 21-item self-report inventory that requires respondents to rate the severity of their depression symptoms over the previous 2 weeks. Each item consists of a graded series of four alternatives that range from 0 to 3 in terms of severity. Total scores on the BDI range from 0 to 63. The original English language version of the inventory was administered to the United States sample and a Tamil translation was administered to the Sri Lankan sample. BDI scores are reliable and valid indicators of depression in Western samples (Killgore, [@B44]) and correlate with clinical ratings and other measurements of depression (Beck et al., [@B12]). Beck et al. ([@B12]) reviewed the literature on the psychometric properties of the BDI and found mean coefficients alpha of 0.86 for psychiatric patients and 0.81 for nonpsychiatric patients. Furthermore, Hollifield et al. ([@B31]) found that the BDI met all five criteria used to evaluate the suitability of the instrument for use in non-Western refugee populations, namely purpose, construct definition, design, developmental process, and reliability and validity.

A rigorous translation process was employed to obtain an equivalent Tamil language translation of the BDI for use in the Sri Lankan sample and is described in detail by Jayawickreme N. et al. ([@B36]). Briefly, the BDI was first translated into Tamil by two physicians who were both native speakers of Tamil and fluent in English. These physicians used the translation monitoring form (Van Ommeren et al., [@B84]) to record the translation, lexical back translation, and evaluation of each item. This translation was then discussed in a focus group of three Tamil men and three Tamil women educated to a secondary school level in order to ensure face validity of the measure. After corrections were made, the BDI was back-translated to English by a second pair of bilingual physicians. The back-translated BDI was reviewed by Robert J. DeRubeis, Ph.D. and four graduate students from the University of Pennsylvania to ensure semantic equivalence. This back-translation was then translated back to Tamil by a third pair of bilingual physicians and then piloted in a group of three Tamil men and three Tamil women who were educated to the secondary school level. Pilot testing using focus groups suggested that the BDI could be easily understood in a Tamil-speaking population (for more details, see Jayawickreme E. et al., [@B33]).

### Trauma exposure

Trauma exposure was assessed in the Sri Lankan sample using the Trauma Exposure sub-section of *the Penn/RESIST/Peradeniya War Problems Questionnaire* (PRPWPQ; Jayawickreme et al., [@B37]). The PRPWPQ was developed specifically to assess war problems in Sri Lanka (see Jayawickreme et al., [@B37]). In the Trauma Exposure section of the PRPWPQ, participants indicate whether they have experienced the trauma in question, and if so, the number of times they had experienced that trauma. Trauma exposure in the U.S. sample was assessed using the *Standardized Assault Interview* (SAI; Rothbaum et al., [@B71]). The SAI is a 136-item semi-structured interview that includes questions on assault characteristics such as injury and life threat.

### Demographics

Age and ethnicity were assessed as part of the SAI in the U.S. sample. In the Sri Lankan sample, participants completed a separate demographics form in which they indicated their age and ethnicity.

Data analytic strategies
------------------------

### Missing data

There was a modest amount of missing data. The US respondents had no missing data, whereas the Sri Lankan respondents had a small amount of missing-at-random data, \<3%, with most variables being fully observed. Because of this, we used full information estimation using maximum likelihood (ML) and weighted least squares missing values (WLSMV) in Mplus. These methods generate consistent estimates in the presence of partially observed responses.

### Measurement equivalence

Our strategy for establishing measurement equivalence, in line with that outlined in McDonald ([@B56]), was to start with the two-factor (2FCFA) and three-factors (3FCFA) confirmatory factor (CFA) models that have been used in the literature previously. McDonald\'s approach emphasizes fitting CFA models that are theoretically motivated, with follow-up analysis to consider model revision. For this, we used exploratory bifactor analysis (Reise, [@B67]; Mansolf and Reise, [@B55]). We used Mplus Version 7.4 (Muthén and Muthén, [@B61]) to fit the factor analytic models to these data.

As noted earlier, prior analysis with the BDI has predominately focused on two-factor (e.g., Beck and Steer, [@B10]) and three-factor models (e.g., Shafer, [@B75]). We refer to these as 2F and 3F, respectively. The 2F model has items 1 through 13 loading on the Cognitive and Affective factor and items 14 through 21 loading on the Performance-Somatic factor. The 3F model has items 1 through 10 and 14 loading on the Negative Attitudes toward the Self factor, items 11, 12, 13, 15, 17, 20, and 21 on the Performance Impairment factor, and items 16, 18, and 19 on the Somatic Disturbances factor (see Table [1](#T1){ref-type="table"}).

The usual approach to measurement equivalence focuses on a set of increasingly constrained multi-group models. However, in our analyses, we employed a useful, new method proposed by Asparouhov and Muthén ([@B4]) known as *alignment*, which attempts to provide an answer to the question of whether factor structure is approximately invariant. Instead of fitting a sequence of increasingly strict constrained CFAs, the alignment method fits configural models (i.e., same pattern of loadings on factors but with freely varying thresholds, loadings, factor variances, and covariances) to each group and then uses a method similar to Procrustes rotation to put the different solutions in maximum possible alignment with each other. It then provides adjusted hypothesis tests for parameter equality, corrected for multiple comparisons, which help determine whether the groups are in alignment. This method requires estimation by ML. Prior research suggests that failing to correct for ordinality has deleterious consequences for estimates (Li, [@B49]). Because the items are ordinal, we used robust ML with Gaussian quadrature. This is important because some items were notably skewed, particularly in the USA group, where a number of items had modes at the floor. For all models, we used 50 random starts followed by 20 fits of each model to completion to assure that the models did not converge to local optima.

After examining these CFA models, we used exploratory bifactor analysis to analyze the data, also considering two-factor and three-factor models, denoted 2FEFA and 3FEFA, respectively. Because Mplus does not provide a full set of fit statistics (Root Mean Squared Error of Approximation, RMSEA; Close Fit Index, CFI; Tucker-Lewis Index, TLI; Standardized Root Mean Residual, SRMR; Weighted Root Mean Residual, WRMR) for model comparison under ML, we re-estimated these models using WLSMV, which does. The resulting model estimates were essentially the same. While Kline ([@B46]) notes that there are no perfectly accepted reference values for fit statistics, RMSEA ≤ 0.05, CFI/TFI ≥ 0.95, SRMR ≤ 0.05, and WRMR ≤ 1, are commonly used. We use these for our reference values. Kline ([@B46]) also recommends examination of covariance residuals, which we also do.

The logic of the bifactor model is to seek a primary factor and consider systematic variation past that captured by secondary factors, with items having a loading on the general factor and one secondary factor (hence subfactor). In sub-fields such as educational psychology, the general factor might be overall ability while subsidiary factors represent specific domains of knowledge or sources of nuisance variation, such as item passage effects. In a clinical setting, the primary factor is typically distress, whereas specific factors represent groups of similar symptoms. To interpret the bifactor model, one considers the size of the loadings on the general factor compared to secondary factors. If an item\'s loading on the general factor is larger than on the subfactor, it is typically considered a better measure of the general factor whereas, vice versa, if it loads more strongly on the subfactor, it is a better measure of the secondary factor. DeMars ([@B20]) provides helpful guidance on interpreting bifactor models.

Jennrich and Bentler ([@B38], [@B39]) proposed the bifactor rotation for exploratory factor analysis, which first fits an EFA for a specified dimension and then rotates toward a bifactor structure. Geomin is a recommended rotation method when cross-loadings are anticipated (Browne, [@B16]) and the oblique bi-geomin is an adaptation that seeks a bifactor structure while allowing the solution to be oblique.

While there are confirmatory bifactor models, we did not have a clear confirmatory structure for the bifactors as only a single study (de Miranda Azevedo et al., [@B21]) has examined bifactor models in the BDI; however, we expected the items to load on the general factor in a similar way. To assess the congruence between groups, we made use of Tucker\'s congruence coefficient (Fischer and Fontaine, [@B25]) to measure the congruence of the resulting exploratory bifactor solutions between the groups. Tucker\'s coefficient of congruence for a vector of loadings on a particular dimension in two groups over *k* items is
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Essentially Tucker congruence is an uncentered Pearson correlation coefficient, which is appropriate for congruence because, unlike Pearson correlation, it takes overall level into account. Guidelines proposed and tested in Lorenzo-Seva and ten Berge ([@B51]) suggest that congruence values between loadings of 0.95 or higher are essentially viewed as the same, while congruence values \<0.85 are viewed as poor.

Results {#s4}
=======

Descriptive statistics
----------------------

Demographic information for both samples can be found in Table [2](#T2){ref-type="table"}. There was a significant difference of age between the two samples, *t*~(254.94)~ = 10.58, *p* = 0.000. The average BDI total score was 15.87 (*SD* = 11.15) in the U.S. sample and 21.63 (*SD* = 11.23) in the Sri Lankan sample; this difference in means was significant, *t*~(401)~ = 4.99, *p* = 0.000. Item-level means and standard deviations for each sample can be found in Table [3](#T3){ref-type="table"}.

###### 

Demographic characteristics of participants.

  -------------------------------------- ------------
  United States sample (***n*** = 268)   
     Age, Mean (*SD*)                    30.7 (9.8)
     Race                                
        African American, N (%)          181 (67.5)
        European American, N (%)         76 (28.4)
        Hispanic, N (%)                  6 (2.2)
        Other, N (%)                     4 (1.5)
        Unknown, N (%)                   1 (0.4)
  Sri Lanka sample (*n* = 149)           
     Age, Mean (*SD*)                    42.9 (12)
     Race                                
        Tamil, N (%)                     143 (96)
        Unknown, N (%)                   6 (4)
  -------------------------------------- ------------

###### 

Item-level means for the Beck Depression Inventory (Beck and Steer, [@B9]) in the United States (*n* = 268) and Sri Lanka (*n* = 149) samples.

  **Item**                           **United States Mean (*SD*)**   **Sri Lanka Mean (*SD*)**
  ---------------------------------- ------------------------------- ---------------------------
  1\. Sadness                        1.09 (0.97)                     1.37 (0.88)
  2\. Pessimism                      0.51 (0.84)                     0.93 (0.88)
  3\. Past failure                   0.59 (0.86)                     1.01 (0.82)
  4\. Loss of pleasure               0.96 (0.92)                     1.01 (0.90)
  5\. Feelings of guilt              0.53 (0.78)                     0.74 (0.87)
  6\. Feelings of being punished     0.88 (1.23)                     0.99 (1.11)
  7\. Self-dislike                   0.54 (0.74)                     0.89 (0.84)
  8\. Self-criticalness              0.72 (0.93)                     0.80 (0.86)
  9\. Suicidal thoughts/wishes       0.24 (0.51)                     0.60 (0.73)
  10\. Crying                        1.00 (1)                        0.93 (0.95)
  11\. Irritability                  0.83 (0.74)                     0.92 (0.83)
  12\. Loss of interest              0.73 (0.77)                     0.88 (0.99)
  13\. Indecisiveness                0.77 (0.86)                     1.17 (0.92)
  14\. Lack of attractiveness        0.69 (0.99)                     0.91 (0.90)
  15\. Loss of energy                0.86 (0.85)                     1.48 (0.99)
  16\. Changes in sleeping pattern   1.2 (1.10)                      1.34 (0.96)
  17\. Tiredness or fatigue          0.93 (0.86)                     1.08 (0.81)
  18\. Changes in appetite           0.84 (0.96)                     1.16 (0.86)
  19\. Weight loss                   0.40 (0.67)                     0.94 (0.91)
  20\. Health concerns               0.58 (0.73)                     1.15 (0.99)
  21\. Loss of interest in sex       0.88 (1.02)                     1.32 (1.14)

*Possible range of scores on individual BDI items: 0--3*.

Trauma exposure
---------------

Details on the levels of trauma exposure can be found for the U.S. sample in Table [4](#T4){ref-type="table"} and for the Sri Lanka sample in Table [5](#T5){ref-type="table"}.

###### 

Experienced Trauma in the United States Sample (*n* = 268) as assessed by the Standardized Trauma Interview.

                                   **Assault type**   
  -------------------------------- ------------------ ----------
  Assaulted by stranger            81 (60)            126 (88)
  Under influence during assault   39 (29)            5 (4)
  Assailant under influence        73 (55)            37 (26)
  Verbally threatened              86 (64)            57 (40)
  Weapon held to head/throat       49 (37)            36 (25)
  Injuries (Type Tx Required)                         
     Minor (No Tx)                 29 (22)            41 (29)
     Minor (Outpatient Tx)         62 (46)            32 (23)
     Major (Hospitalization)       6 (4)              7 (5)
  Feared death or serious injury   100 (75)           92 (64)

###### 

Trauma exposure in Sri Lankan sample (*n* = 149) as assessed by the Trauma Exposure subscale of the Penn/RESIST/Peradeniya War Problems Questionnaire.

  **Respondents were asked if they had ever been...**.          **%**
  ------------------------------------------------------------- -------
  **TORTURE**                                                   
  Beaten in detention                                           14.8
  Subjected to electric shock while in detention                2
  Tortured by being beaten with a bag containing petrol         1.3
  Tortured by being pricked under the nail with a pin           2
  Tortured by being burnt with a cigarette butt in detention    2.7
  **EXPERIENCED/WITNESSED TRAUMA**                              
  Being raped                                                   1.3
  Being imprisoned                                              18.8
  Being kidnapped                                               10.1
  Caught in a land mine                                         2
  Injured by air strikes or bomb explosions or sudden attacks   20.1
  Witnessed the death of loved ones                             50.3
  Witnessed the injury of my loved ones                         54.4
  **NON-WITNESSED TRAUMA**                                      
  Death of husband or wife due to the war                       16.8
  Death of child/children due to the war                        16.1
  Death of mother and/or father due to the war                  11.4
  Husband or wife been kidnapped                                9.4
  Children been kidnapped                                       14.1
  Parents been kidnapped                                        3.4
  Other family members been kidnapped                           16.1
  Children been handicapped                                     12.1
  Husband/wife been handicapped                                 5.4

*As some Sri Lankan participants experienced more than one trauma, the percentages for the Sri Lankan sample do not add up to 100*.

Measurement equivalence
-----------------------

The 2FCFA models both converged to regular solutions and the alignment method indicated that items 2 (pessimism), 3 (past failure), 9 (suicidal thoughts/wishes), and 16 (changes in sleeping pattern) differed in the thresholds for the Sri Lankan compared to the U.S. participants. Item 2\'s lowest threshold differed, with the Sri Lankan participants having a higher threshold. Item 3 reversed this pattern. On item 9, Sri Lankan participants had systematically higher thresholds, while on item 16 the pattern was reversed. In all, this pattern of differences among thresholds may in effect cancel out, at least insofar as the factors are fairly strongly identified by having many indicators, which would dilute the effect of difference.

In terms of alignment, while there were differences and thus we should be wary of assuming scalar equivalence, the groups were substantially aligned, with only a few items having differences in the threshold parameters. The latent mean differences of Sri Lankan participants compared to U.S. participants were 0.30 on factor CA (*SE* = 0.19, *p* = 0.125) and 0.60 on factor SP (*SE* = 0.159, *p* \< 0.001). This suggests that the Sri Lankan participants had overall higher levels on both latent variables, with the one for Somatic-Performance being significantly higher.

The 3FCFA model ran for the USA sample and fit better than the 2FCFA. However, for the Sri Lankan participants it did not converge to a regular solution. In particular the factor correlations were extremely large. This was not unsurprising. The 3FCFA model had one factor that only had three items and was thus barely identified. As MacCallum et al. ([@B53]) note, factor instability is particularly likely in a situation where one or more of the factors are not strongly identified by having many indicators, especially when the sample size is modest. The 3FCFA model\'s divergence for the Sri Lankan sample likely reflects that the 3FCFA model is questionable.

As mentioned previously MLR estimation in Mplus for ordinal items does not provide conventional fit statistics such as RMSEA, Tucker-Lewis Index, or the SRMR. However, following Bartholomew et al. ([@B6]), Mplus provides tables of univariate and bivariate residuals, scaled on a z-score metric. Examination of these residuals showed that the 2FCFA model was reasonable on the USA sample but did not fit as well on the Sri Lankan sample. To provide conventional fit statistics we used WLSMV, which generates estimates very similar to MLR. These are in Table [6](#T6){ref-type="table"}. Supplementary Table 1 (Sri Lanka) and Supplementary Table 2 (the U.S.) contain the estimated loadings of the CFA models as well as factor correlations.

###### 

WLSMV Fit Indices for CFA and EFA Models of the Beck Depression Inventory (Beck and Steer, [@B9]).

  **Model**   **Country**   **Chi square**   **df**   **RMSEA**   **CFI**   **TLI**   **WRMR**
  ----------- ------------- ---------------- -------- ----------- --------- --------- ----------
  2FCFA       Sri Lanka     354.541          188      0.08        0.92      0.92      1.03
              U.S.          366.82           188      0.06        0.96      0.96      0.99
  3FCFA       Sri Lanka     −                --       --          --        --        --
              U.S.          331.37           186      0.05        0.97      0.96      0.93
  2FEFA       Sri Lanka     316.26           169      0.08        0.93      0.92      0.93
              U.S.          246.72           169      0.04        0.98      0.98      0.05
  3FEFA       Sri Lanka     233.79           150      0.06        0.96      0.95      0.06
              U.S.          194.59           150      0.03        0.99      0.99      0.04
  4FEFA       Sri Lanka     195.97           132      0.06        0.97      0.95      0.05
              U.S.          159.14           132      0.03        0.99      0.99      0.03

Exploratory bifactor analysis
-----------------------------

For the U.S. and Sri Lanka participants, neither the 2FCFA or 3FCFA models fit well, thus failing to meet structural equivalence (and consequently failing to meet metric and scalar equivalence as well). The models did generally fit better for the U.S. sample. Furthermore, the 3FCFA model for the Sri Lankan participants did not converge to a regular solution. This led us to consider alternative models to determine if it is possible to find an adequately fitting model that makes substantive sense. One particular feature of the CFA analysis was the fact that the factors were very strongly correlated, which suggests that an overall general factor is likely to appear. Rather than attempting many essentially *ad hoc* modifications to the CFAs using correlated residuals or cross loadings, we preferred to consider exploratory factor analysis (EFA), following the advice of McDonald ([@B56]), where CFA is first fit and EFA is fit to guide model revision.

EFA, despite the name "exploratory," works best when guided by theoretically meaningful expectations, or working hypotheses. Our working hypothesis was that the loadings on the primary factor would be similar across groups but that there would be group differences in the constitution of the secondary factor or subfactor. In this sense, the primary distress factor represents universal aspects of depression whereas the secondary factor or subfactor represents cross-cultural differences in depression. We fit models for two, three, and four factors separately to each group, denoted 2FEFA, 3FEFA, and 4FEFA. We used WLSMV when fitting these models. All models converged to a regular solution without difficulty. In the USA data, the 2FEFA model appeared to be a reasonable fit. In the Sri Lanka data, the 2FEFA model was not as good a fit and the 3FEFA appeared better. The 4FEFA models were likely to overfit and as such, we did not consider them in detail. The fit statistics for these models can be found in Table [6](#T6){ref-type="table"} and loadings for the 2FEFA model are available in Table [7](#T7){ref-type="table"}. The loadings for the 3FEFA and 4FEFA models can be found in Supplementary Table [3](#SM1){ref-type="supplementary-material"} (Sri Lanka) and Supplementary Table 4 (USA).

###### 

Factor loadings for Exploratory Bifactor Model solution for the Beck Depression Inventory (Beck and Steer, [@B9]).

                                     **United States**   **Sri Lanka**              
  ---------------------------------- ------------------- --------------- ---------- -----------
  1\. Sadness                        **0.74**            −0.03           **0.71**   −0.05
  2\. Pessimism                      **0.67**            −0.11           **0.58**   −0.25
  3\. Past failure                   **0.78**            −0.25           **0.82**   −0.02
  4\. Loss of pleasure               **0.72**            0.05            **0.75**   0.00
  5\. Feelings of guilt              **0.62**            −**0.37**       **0.58**   −**0.42**
  6\. Feelings of being punished     **0.60**            −0.25           **0.46**   −0.07
  7\. Self-dislike                   **0.74**            −**0.39**       **0.72**   −0.25
  8\. Self-criticalness              **0.72**            −**0.43**       **0.57**   −0.22
  9\. Suicidal thoughts/wishes       **0.76**            −0.17           **0.57**   −**0.35**
  10\. Crying                        **0.55**            0.16            **0.59**   −0.10
  11\. Irritability                  **0.53**            0.07            **0.64**   −**0.33**
  12\. Loss of Interest              **0.76**            0.13            **0.67**   −**0.32**
  13\. Indecisiveness                **0.78**            0.14            **0.75**   −0.04
  14\. Lack of attractiveness        **0.72**            −0.06           **0.63**   0.18
  15\. Loss of energy                **0.64**            0.20            **0.68**   0.20
  16\. Changes in sleeping pattern   **0.55**            0.16            **0.76**   **0.35**
  17\. Tiredness or fatigue          **0.66**            **0.33**        **0.63**   **0.38**
  18\. Changes in appetite           **0.60**            **0.40**        **0.63**   **0.44**
  19\. Weight loss                   **0.55**            0.26            **0.51**   0.28
  20\. Health concerns               **0.65**            0.19            **0.48**   **0.42**
  21\. Loss of interest in sex       **0.66**            0.21            **0.55**   0.22

*Loadings 0.3 or greater are in bold*.

To compare the solutions, we use congruence indices. For the 2FEFA solution, the primary factor\'s congruence was 0.99, while for the 3FEFA solution the primary factor\'s congruence was 0.98. Essentially the two groups\' overall distress factor\'s loadings were the same (However, we have good reason to suppose their intercepts are different, as discussed previously). The subfactors\' congruence was poor, however. In the 2FEFA model, the second factor\'s congruence was 0.73 while for the 3FEFA models the second factor\'s congruence was −0.30 and the third factor\'s congruence was 0.59. However, these subfactors were not large compared to the primary dimension and contained many values near 0. This is consistent with our hypothesis that there would be a match on the primary distress factor but not on the subfactors.

To visualize this, Figure [1](#F1){ref-type="fig"} shows the standardized loadings for the 2FEFA solution for the two groups. It appears to generate a "fan" structure, where some items appear to load positively and others negatively on the second dimension, while many have only small loadings on the secondary dimension. The 3FEFA model behaved similarly but was not so neatly visualized. The primary area of disagreement between the U.S. and Sri Lankan models involved the Performance-Somatic symptoms, which appear to load with greater frequency and with greater strength on the second dimension in the Sri Lankan model compared to the U.S. model (which has a combination of cognitive and somatic symptoms). In addition, Table [7](#T7){ref-type="table"} shows that the general factor loadings for both groups are always larger than the subfactors. Consistent with the results regarding congruence, the subfactors differ between groups. Finally, we calculated the factor analytic reliability for the general factors. For the USA sample these values are 0.90 for both the 2EFA and 3EFA models, respectively. The Sri Lanka sample\'s values are 0.89 for both the 2EFA and 3EFA models.

![Standardized loadings for the general distress factors from the 2FEFA solution for the Beck Depression Inventory (Beck and Steer, [@B9]). USA, United States of America; SLA, Sri Lanka. Numbers (e.g., 1, 2, 3, etc.) indicate individual items on the BDI. See Table [1](#T1){ref-type="table"} for the specific item associated with each number.](fpsyg-08-01670-g0001){#F1}

Discussion {#s5}
==========

In order to use measures of mental illness that have been developed for Western settings in survivors of war living in non-Western contexts, it is essential that one first establish measurement equivalence for those measures. It is only when measurement equivalence is established that one can make comparisons between, and use similar cut-off scores across, populations. In the current study, we examined the measurement equivalence of the BDI, a self-report measure of depression that is widely used in non-western refugee and displaced populations, among a sample of Sri Lankan women who were displaced due to the recently concluded civil war. To our knowledge, this is the first comprehensive examination of the measurement equivalence of the BDI in a non-Western, war-affected, displaced population.

We failed to establish measurement equivalence for the BDI across females from Sri Lanka and the United States. Neither the two-factor or three-factor models found in previous studies provided an adequate fit, while a bi-factor model found a similar general distress factor in both the Sri Lankan and U.S. sample, but different secondary dimensions or subfactors. However, while the intercepts of individual items differed to some degree, their differences appear to effectively cancel off. This suggests that BDI total scores are, roughly speaking, comparable, although we recommend caution when interpreting them since respondents from the two countries may obtain the same total score through endorsing different items.

We do not recommend making comparisons on subscales (e.g., cognitive-affective vs. performance-somatic), as the subfactors identified by the bifactor model in the two samples were distinct from one another. The subfactor in the Sri Lankan sample was characterized by somatic symptoms (e.g., sleep changes, tiredness, appetite changes) whereas the subfactor in the U.S. sample consisted of both cognitive and somatic symptoms. These results suggest that somatic symptoms are a key element of the depression syndrome in Sri Lankan women, more so than in U.S. women. This distinction in depression symptoms between Sri Lankan and U.S. women mirrors the distinction in symptoms between Chinese and Canadian individuals identified by Ryder et al. ([@B72]), who found that depression in Chinese individuals was characterized more by somatic symptoms compared to Canadian individuals, whose depression was characterized by both somatic and cognitive symptoms. Our finding is also consistent with prior research indicating that somatic symptoms are more prominently seen in refugee populations compared to non-displaced Western populations (Rohlof et al., [@B70]). This emphasis on somatization in non-Western populations may be due to the fact that in many non-Western cultures, the body and mind are believed to be integrated, leading to greater expression of mental distress through bodily experiences (Kirmayer and Young, [@B45]). This is in contrast to Western cultures, where beliefs about mind and body reflect the Descartian separation of the two and there is thus more of a distinction between psychological and physical experiences. Furthermore, non-Western cultures tend to emphasize emotional expression to a lesser degree compared to Western cultures, and to have a higher level of stigma attached to mental illness. Both these factors have also been hypothesized to lead to greater somatization of mental distress (Chentsova-Dutton and Tsai, [@B18]).

Several caveats should be noted. First, our findings could potentially be the result of sampling error. If we had a larger sample, we would have been able to split the sample and conduct comparisons. In particular, we would have been able to look at cross-validation, i.e., split the sample into two and run factor analysis on each of them to see if the loadings are stable and match each other.

Second, the two samples were different in terms of experienced trauma and age. Even though participants in both samples experienced trauma, the Sri Lankan women, unlike the U.S. women, were exposed to chronic trauma. This differential exposure to trauma in the two groups could underlie the findings of this study. Given that there was no variability in trauma exposure in the U.S. female sample---every participant reported experiencing a single trauma---we were unable to control for trauma exposure in our analyses. It is also possible that the observed differences between the U.S. and Sri Lankan samples could be due to the fact that the Sri Lankan sample was significantly older than the U.S. sample. No studies have examined the measurement equivalence of the BDI across age groups, but Missinne et al. ([@B59]) found that another measure of depression, the eight-item version of the Centre for Epidemiological Studies Depression scale (Radloff, [@B65]), had measurement equivalence across two age groups (50--64 years of age; 65 years and older) in 11 different European countries. This suggests that age does not have an impact on how individuals respond on measures of depression.

Fourth, given that our U.S. sample was majority African-American, it is possible that that sample\'s responses on BDI reflect a pattern of symptomatology that is specific to that community. There are no studies examining whether African-Americans respond similarly to European-Americans on the BDI; however, the BDI-II (Beck et al., [@B11]), which has 17 of the 21 items on the original BDI, has been found to have equivalent responses patterns in African-American and European-American samples (Hambrick et al., [@B29]; Whisman et al., [@B88]). Given the similarity between the BDI and BDI-II, these findings suggest that the BDI may also have measurement equivalence in these two communities.

Fourth, the current study focused exclusively on females. There is evidence that there are gender differences in the symptom make up of depression in non-Western displaced populations (e.g., Renner and Salem, [@B68]); thus, the scope of the current findings is limited to females who have been displaced due to conflict.

Fifth, given the fact that all participants in this study experienced at least one traumatic event, it is likely that many participants had comorbid posttraumatic stress disorder (PTSD), whose symptoms overlap with depression (American Psychiatric Association, [@B3]). Thus, one could hypothesize that differences in symptom endorsement between Sri Lankan and U.S. females may in part be due to PTSD symptomatology. However, in a study of individuals with comorbid depression and PTSD, Post et al. ([@B64]) found that while the two syndromes had overlapping symptoms, they were distinct empirical constructs. This suggests that the singular focus of the current study on a measure of depression is justified.

Despite these limitations, we believe that our study contributes to our understanding of how measures of depression developed in the Western world function in non-Western war-affected populations by comparing two groups that live in distinct cultural contexts: a Western, urban context and a non-Western, war-affected context. There is a paucity of this type of research, i.e., examining the measurement equivalence of commonly used measures of depression in war-affected contexts. Many researchers and practitioners assume that Western-developed measures such as the BDI have measurement equivalence across different contexts and thus use them to identify depression in non-Western war survivors; demonstrating that these measures actually function differently in those non-Western war contexts has real implications for the use of these measures in those situations. We posit that the current study makes a contribution that is of relevance to practitioners and researchers working with non-Western displaced populations and war survivors by providing evidence that the BDI functions differently in those settings and thus should be used with caution. Our findings indicate that while total scores on the BDI can, for the most part, be interpreted similarly across the two populations we sampled, the measure nevertheless failed to meet the strict requirements of measurement equivalence. Thus, researchers and practitioners who work with non-Western displaced populations cannot assume that just because a measure has been widely used or appears to tap into a construct seen on the ground, it can be used to identify those with clinically significant symptoms or to compare multiple groups. Lastly, our findings add to the growing body of literature indicating that bifactor models provide the best fit for the measurement of depression (e.g., Dere et al., [@B22]).

While there have been a handful of studies examining the measurement equivalence of popular measures of mental illness in culturally diverse (e.g., BDI-II; Dere et al., [@B22]) and refugee populations (e.g., Harvard Trauma Questionnaire; Rasmussen et al., [@B66]), more research is clearly needed to establish the psychometric properties of these measures. We do believe that future studies should attempt to identify specific variables that account for any lack of measurement equivalence of the BDI and other measures in non-Western war-affected contexts. Also, more research is needed to confirm the different response patterns to individual items of the BDI in the U.S. and Sri Lankan populations (as well as other populations impacted by war). In the meantime, caution must be used when interpreting and comparing scores from non-Western, war-affected, displaced populations.
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